INTRODUCTION
============

Atherosclerosis is a complex of chronic inflammation of vessel wall. It primarily affects large elastic arteries (e.g., aorta) and medium-sized muscular arteries (e.g., coronary arteries). Atherosclerosis of large elastic arteries has been known to antedate those of muscular arteries. It progressively develops degeneration of the vessel wall. In case of abdominal aorta, atherosclerosis seldom causes symptomatic aneurysms and infrequently it ruptures, especially in elderly men. Rupture of an abdominal aortic aneurysm causes 1-2% of all deaths in men over 65 yr of age in developed countries ([@B1]). However, aneurysm in elderly women reveals a higher rupture rate and more severe than in men ([@B2]). Nevertheless women are generally not considered for aneurysmal rupture since they not only have a lower prevalence of the disease and but also develop the disease later in life ([@B3], [@B4]). It has generally been considered that Korean people have few atherosclerotic disease compared to Western countries. However, atherosclerosis-associated diseases such as coronary heart disease and stroke become a leading cause of morbidity and mortality in Korea since there has been substantial changes in lifestyle influenced by the Western culture. Atherosclerosis-related epidemic proportion may enough to increase socioeconomic burden and many serious problems especially in the young and middleaged people, but the data on atherosclerosis in women in Korea are limited.

Atherosclerotic vascular changes may be associated with various risk factors. Age, gender (estrogen deficiency), cigarette smoking, obesity, physical inactivity, lipid disorders, hypertension, and insulin resistance are known risk factors that accelerate the development of atherosclerosis ([@B5], [@B6]). Among these factors, obesity, high body weight, and weight gain have been related to an increased risk of clinical events of atherosclerotic diseases ([@B7]-[@B9]). A recent report described that westernization of Korean lifestyle may increase the prevalence of weight gain or overall obesity and resultant cardiovascular diseases ([@B10]). However, there have been few well-designed autopsy-based comparative as well as population-based quantitative studies on atherosclerotic lesions for Korean women regarding the association of biological variables including age and body size.

The objectives of the present study were to determine regional differences of atherosclerotic lesion in the aorta and to assess the relationship between biological variables and atherosclerosis of the aorta in Korean women.

MATERIALS AND METHODS
=====================

Preparation of aortic tissues and microscopy
--------------------------------------------

The study protocol conformed to an ethical guideline by the institutes. The study subjects consisted of 90 Korean female aged from 15 to 81 (mean±SD, 39±14) yr who died from external causes (accidental injuries, homicides, or suicides) between 1998 and 2002 ([Table 1](#T1){ref-type="table"}). They lived in metropolitan and urban areas. They were harvested at autopsy within a day after death. They were superficially healthy in appearance; had no evidence of putrefaction; and did not have specific diseases or neoplasms. Aorta from the commencement to the level of bifurcation of common iliac arteries was investigated. The aortas were opened longitudinally, and the interiors were macroscopically examined for fatty streak, raised lesion, plaque, and thrombus. As shown in the [Fig. 1](#F1){ref-type="fig"}, aortic tissues were carefully excised perpendicular to the long axis from 7 segments: 2.5 cm above the aortic valve (A1), 1 cm before the branching of brachiocephalic trunk (A2), between the 4th and 5th thoracic vertebrae (B1), between the 8th and 9th thoracic vertebrae (B2), upper level of 12th thoracic vertebra (B3), proximal infrarenal (C1), and distal infrarenal aorta. Five µm-thick paraffin sections perpendicular to the long axis of the vessel were prepared and stained with hematoxylin and eosin for general examination, and with the Verhoeff-van Gieson technique for quantitative examination. Sections were histopathologically graded for scoring: 0 (intact histology), 1 (isolated macrophage, foam cells), 2 (intracellular lipid accumulation), 3 (grade 2+small extracellular lipid pools), 4 (grade 2+core of extracellular lipid), 5 (lipid core and fibrotic layer, or multiple lipid cores and fibrotic layers, or mainly calcific, or mainly fibrotic, i.e., fibroatheroma), and 6 (surface defect, hematoma-hemorrhage, and thrombus, i.e., complicated lesion), according to a modified criteria adopted from a previous study ([@B11]). Sections that showed normal histology or histology between normal and adaptive thickening (without isolated macrophage or foam cells) in the intima were considered grade 0; sections that showed a borderline change were considered lower grade. Sections that showed intact histology were determined as \'normal\'.

The prevalence rate of atherosclerotic change, age, and atherosclerosis score was compared between each segment of the same subject, and between numbers of segment with atherosclerotic change of different subjects. Age, gender, body height, body weight, body surface area (BSA), and body mass index (BMI) were also considered for comparison between the normal and atherosclerosis subjects.

Measurement of aortic sizes
---------------------------

Each Verhoeff-van Gieson-stained section was projected onto a digitizing table for computed morphometry. Contours of the lumen, internal elastic lamina, and outer media (delineated by external elastic lamina) were traced. Quantitative measures of the lumen circumference, internal elastic lamina circumference, and outer (media) circumference were obtained. Means of the lumen diameter (LD), wall thickness (WT, i.e., intima-media thickness), intima thickness (INT), and media thickness (MED) were calculated by: circumference= diameter×π. The contour of adventitia was not considered for outer diameter because it was flexible by fixation (error of measurement was more than 15%). This morphometric method is simple but reliable to get averages of aortic size with lesser deviation. Measurements were made by three trained persons and a correction factor (1.07) of measurement was considered.

Statistics
----------

Data were expressed as mean±SD. Data between each segment and between numbers of segment with atherosclerotic change were compared by ANOVA. Differences were considered significant if *p* values were less than .05. For determination of the relationship between atherosclerosis score, age and body size, and between aortic size, age and BMI, Pearson correlation coefficients were computed and multiple regression analyses were done.

RESULTS
=======

Atherosclerotic change in each segment
--------------------------------------

As shown in [Table 1](#T1){ref-type="table"}, biological variables were not significantly different between age groups. By macroscopic examination, fatty streaks were focally found but dispersed along the vessel wall in association with raised lesions and plaques with aging. Total 95.6% of all subjects had atherosclerotic changes of variable degree in one or more segments; intact histology in all segments was extremely rare. Numbers of subjects who showed an atherosclerotic change and calcified fibroatheroma according to the segment is summarized in [Table 2](#T2){ref-type="table"}. Atherosclerotic changes (score 1-4) were frequently seen in the A1, B1, B2, C1 and C2 segments, and fibroatheroma (score 5-6) was frequently seen in the B1 and C2 segments. Total 23.3% of all subjects had atherosclerotic changes in 1 or 2 segments, 27.8% of subjects in 3 or 4 segments, 11.1% of subjects in 5 segments, and 44.4% of subjects in more than 5 segments.

As shown in [table 3](#T3){ref-type="table"}, plaques were found in 14 subjects (15.6%): one segment in 11 subjects (12.2%), 2 segments in 2 subjects (2.2%), and 3 segments in 1 subject (1.1%). Thrombi were found in 3 subjects (3.3%).

As shown in [Fig. 2](#F2){ref-type="fig"}, the atherosclerosis score had a singnificant positive relationship in all segments with age (A1, r=.52, *p*\<.00001; A2, r=.54, *p*\<.00001; B1, r=.49, *p*\<.00001; B2, r=.53, *p*\<.00001; B3, r=.56, *p*\<.00001; C1, r=.47, *p*\<.00001; C2, r=.52, *p*\<.00001). However, the atherosclerosis score did not show a significant relationship with body height (A1, r=-.15, *p*\>.1; A2, r=-.12, *p*\>.1; B1, r=-.08, *p*\>.1; B2, r=-.05, *p*\>.5; B3, r=-.13, *p*\>.1; C1, r=-.06, *p*\>.5; C2, r=-.05, *p*\>.5), body weight (A1, r=-.03, *p*\>.5; A2, r=-.02, *p*\>.5; B1, r=-.03, *p*\>.5; B2, r=-.03, *p*\>.5; B3, r=.04, *p*\>.5; C1, r=.01, *p*\>.5; C2, r=.03, *p*\>.5), BSA (A1, r=-.07, *p*\>.5; A2, r=-.02, *p*\>.5; B1, r=-.07, *p*\>.5; B2, r=-.002, *p*\>.5; B3, r=-.01, *p*\>.1; C1, r=-.01, *p*\>.5; C2, r=.02, *p*\>.5) and with BMI (A1, r=.02, *p*\>.5; A2, r=.07, *p*\>.5; B1, r=-.01, *p*\>.5; B2, r=.04, *p*\>.5; B3, r=.10, *p*\>.1; C1, r=.03, *p*\>.5; C2, r=.05, *p*\>.5). The number of segments with atherosclerotic changes had a significant positive relationship with age (r=.52, *p*\<.00001; [Fig. 3](#F3){ref-type="fig"}), but it did not show a significant relationship with body height (r=-.12, *p*\>.1), body weight (r=-.02, *p*\>.5), BSA (r=-.06, *p*\>.5), or with BMI (r=.02, *p*\>.5).

Atherosclerosis and aortic size
-------------------------------

We measured the aortic size in 3 segments, i.e., ascending A1, thoracic B1, and abdominal infrarenal C2, in which atherosclerosis with fibrous atheroma was relatively prevalent.

In A1 segments, LD and INT increased with age (LD, r=.62, *p*\<.00001; INT, r=.46, *p*\<.00001; [Fig. 4](#F4){ref-type="fig"}), but WT and MED was not well related with age (WT, r=-.09, *p*\>.1; MED, r=-.10, *p*\>.1). However, the aortic size was not well related with BMI (LD, r=-.03, *p*\>.5; WT, r=.02, *p*\>.5; INT, r=.18, *p*\>.05; MED, r=-.06, *p*\>.5; [Fig. 4](#F4){ref-type="fig"}). In B1 segments, LD, WT and INT increased with age (LD, r=.72, *p*\<.00001; WT, r=.61, *p*\<.00001; INT, r=.70, *p*\<.00001; [Fig. 5](#F5){ref-type="fig"}, but MED was not well related with age (r=.17, *p*\>.1). However, the aortic size was not well related with BMI (LD, r=.07, *p*\>.1; WT, r=.12, *p*\>.1; INT, r=.12, *p*\>.1; MED, r=.05, *p*\>.5; [Fig. 5](#F5){ref-type="fig"}). In C2 segments, LD, WT and INT significantly increased (LD, r=.46, *p*\<.00001; WT, r=.28, *p*\<.01; INT, r=.51, *p*\<.00001), and MED decreased (r=-.29, *p*\<.01) with increasing age ([Fig. 6](#F6){ref-type="fig"}). However, the aortic size was not well related with BMI (LD, r=.06, *p*\>.5; WT, r=.01, *p*\>.5; INT, r=.003, *p*\>.5; MED, r=.007, *p*\>.5; [Fig. 6](#F6){ref-type="fig"}).

In A1 segments, LD and INT had a significant positive relationship with the atherosclerosis score (LD, r=.25, *p*\<.05; INT, r=.54, *p*\<.00001), but WT and MED were not well related with the atherosclerosis score (WT, r=.17, *p*\>.1; MED, r=-.06, *p*\>.5; [Fig. 7](#F7){ref-type="fig"}). In B1 segments, LD, WT and INT had a strong positive correlation with the atherosclerosis score (LD, r=.39, *p*\<.0005; WT, r=.54, *p*\<.00001; INT, r=.68, *p*\<.00001; [Fig. 7](#F7){ref-type="fig"}), but MED was not well related with the atherosclerosis score (r=.03, *p*\>.1). In C2 segments, LD, WT and INT had a strong positive comelation (LD, r=.22, *p*\<.05; WT, r=.35, *p*\<.001; INT, r=.57, *p*\<.00001), and MED had a negative comelation (r=-.28, *p*\<.01) with the atherosclerosis score ([Fig. 7](#F7){ref-type="fig"}).

DISCUSSION
==========

Our results reveal that: 1) distal infrarenal (C2), proximal thoracic (B1), and proximal ascending (A1) segments of the aorta are common sites of atherosclerosis in decreasing order; 2) with aging, atherosclerosis occurs in multiple segments and becomes calcified; and 3) the aortic size may largely be influenced by age but not body size.

The atherosclerotic process begins from childhood and may progress to form atheroma with some lesions becoming calcified. Previous studies revealed that abdominal aortic calcification is positively related to age ([@B12], [@B13]). In the study by Allison et al. ([@B12]), both the prevalence and severity of aortic calcification were significantly influenced by age: at age under 50 yr the prevalence of calcification was 16% and increased to 93% by age over 70 yr. By contrast, in the present study, 8% of subjects at age under 50 yr had calcified atheroma, and the prevalence of calcified atheroma was 31 and 32% by age over 50 and 60 yr, respectively. In addition, although atherosclerosis occurs in multiple lesions with aging, the prevalence of calcification was much lower in elderly subjects aged over 60 yr. However, the data of the present study are not sufficient to conclude that the prevalence of calcified atherosclerosis in Korean women is much lower than that of Western countries because the sample size and age distribution of the two studies are quite different.

It has been generally accepted that the body size including body height, weight, BSA, and BMI may affect the aortic size. A strong correlation was found between the aortic diameter and body size ([@B14], [@B15]). However, this concept is controversial. In the present study, we have found that the body size does not affect the aortic size and the atherosclerosis score. Similar results were found in the study by Itani et al. ([@B16]). They found a weak correlation between the aortic diameter and body size. The reason for these discrepancies is unclear. Differences in sample size and quantitative method might have influenced the results. The small sample size could not allow standardization of the results. Among the body size, BMI (kg/m^2^) is frequently referred as an index of body fat (obesity). Obesity, high body weight, and weight gain have been related to an increased risk of clinical events of atherosclerotic diseases ([@B5], [@B17]). Lakka et al. ([@B18]) described that abdominal obesity is commonly associated with accelerated progression of atherosclerosis, and obesity is an important cardiovascular risk factor. A recent study has demonstrated that apolipoprotein receptors have profound consequences for atherosclerotic susceptibility associated with obesity ([@B19]). However, BMI did not well correlated with the atherosclerosis score in the present study. Asians have a lower BMI but higher percentage body fat than whites and have a different fat distribution from whites ([@B20], [@B21]). This means increased health risks associated with obesity appear to occur at a lower BMI in Asians. A recent population-based study ([@B10]) has shown that the risks of hypertension and diabetes mellitus occurred at much lower levels of BMI. However, BMI is not significantly different between normal and atherosclerosis subjects in the present study. When our data are compared to the lower cut-off point of BMI ([@B20]), 30% of normal subjects and 25% of atherosclerosis subjects are overweight, and 20% of normal subjects and 22% of atherosclerosis subjects are obesity. These results indicate that BMI may be no longer a suitable indicator of body fat, as previously described that BMI is a doubtful index for representing adiposity accurately ([@B22]).

Atherosclerosis is common in the A1, B1, and C2 segments of the aorta, particularly in the C2 segment, but the reason is unclear. In case of the C2 segment, anatomical consideration may be helpful to understand the reason. Two or three pairs of the right and left lumbar arteries and the median sacral artery usually arise in order from the dorsolateral side of the infrarenal aorta between the level of the inferior mesenteric artery and the level of bifurcation into common iliac arteries. These are smaller parietal branches of the infrarenal aorta, and their diameter averages less than 2 mm. A thick intima, i.e., adaptive thickening to maintain lumen sizes for optimal blood flow, is frequently seen at the mouth of these branch vessels where it is focal and eccentric. Adaptive thickening may be a prerequisite for retention and accumulation of lipid, and thus, for nidus of an atherosclerotic lesion. These morphological and structural characteristics could explain why the distal segment of the infrarenal aorta is highly susceptible for atherosclerosis. However, this hypothesis is not always true since an advanced lesion can develop at other locations without adaptive thickening when atherogenic lipoprotein levels are very high.

In the B1 and C2 segments, the mean age of early atherosclerosis was 39±14 yr. Fibrous atheroma with calcification was evident by 50±10 yr of age. These data mean that, as shown in [Fig. 2](#F2){ref-type="fig"}, silent (subclinical) atherosclerosis can spontaneously be progressed into clinical atherosclerosis within 10 yr. The mean age of fibrous atheroma is nearly the same as that of menopause. The menopause is known to have an unfavorable influence on conventional atherosclerotic risk factors ([@B23]). Recently, Zaydun et al. ([@B24]) reported that estrogen deficiency may, at least in part, augment the age-related increase in arterial stiffness during the early postmenopausal phase. They observed a significant relationship between the menopause and brachial-ankle pulse-wave velocity from examination of 3,149 women (21-94 yr of age) in an annual health screening. However, the relationship between atherosclerosis and estrogen deficiency is not yet fully understood. Clinically severe atheroma may cause aneurysmal change and sudden rupture. Male gender, older age, heavy smoking, high blood pressure, serum cholesterol, impaired glucose metabolism, and body habitus are known factors for the increased risk of abdominal aortic aneurysm rupture. However, we could not find an aneurysmal change even in elderly subjects. Clinically, women are usually not considered for abdominal aortic aneurysm screening because the prevalence is lower. In developed countries, prevalence is about 1.1% in elderly women ([@B25]). By contrast, Itani et al. ([@B16]) have found that only two out of 3,124 (.03%) women (aged 60±12 yr) had asymptomatic aortic aneurysm in their screening using a mobile helical CT. Therefore, it is doubtful whether we could find cases of aneurysm when the number of elderly subjects aged over 65 is close at least to that of younger age.

As shown in [Fig. 4](#F4){ref-type="fig"}-[6](#F6){ref-type="fig"}, the aortic size changed with aging as in previous studies ([@B26]-[@B28]). LD, WT, and INT of B1 and C2 segments have a strong positive correlation, and MED of the C2 segment had a negative correlation with aging. To the best of our knowledge, however, quantitative studies on the aortic size in women is extremely rare, and therefore, we could not compare our data with others. LD of infrarenal aorta of ours (12.5±1.2 mm) is similar to a result (12.5±1.2 mm in 43±11 yr of age) from helical CT images ([@B27]) but is smaller than a result (14.5±4.4 mm in age 30-39 yr) using pressure-fixed tissue ([@B26]). Pressure-fixation can provide accurate dimension; however, we did not use pressure-fixation, since our purpose was not to obtain exact dimension. By the fact that the size of the thoracic aorta of ours is not different from other study ([@B28]), it is likely that pressure-fixation is not always in necessity for morphometry. CT scan or magnetic resonance provides highly reproducible measures of aortic anatomy and atherosclerosis, but the aortic size could be over- or underestimated even by an experienced examiner because the lumen of the vessel is not absolutely round, and furthermore, the vessel wall structure could not be clearly differentiated. Therefore, we calculated the means of aortic sizes from tracing the contours of lumen, internal elastic lamina, and outer media. Well-designed correction calculated from pre-fixation and post-fixation would help obtaining more accurate measurements.

Previous studies showed that arteries enlarge as atherosclerotic plaques develop ([@B29]). Zarins et al. ([@B28]) described that plaque formation in the infrarenal aorta is associated with aortic enlargement and decreased media thickness in men. They concluded that these changes may be predisposing factors for the preferential development of subsequent aneurysmal dilation. Progressive intimal thickening may cause narrowing of the vessel lumen. However, luminal narrowing was scarcely found in the present study. Derangement of the medial elastic lamella pattern was inevitably found, particularly in the atheroma subjects; elastic fibers became thin, fragmented and flattened (loss of waviness and fibrillation) as atherosclerosis progressed. Progressive medial degeneration and increased tensile strength could result in compensatory enlargement of the lumen to overcome narrowing. As shown in [Fig. 6](#F6){ref-type="fig"}, in the C2 segment, the most common site of atherosclerosis in the present study, LD, WT and INT increased approximately .08, .01 and .01 mm/yr, and MED decreased .005 mm/yr, respectively. As shown in [Fig. 7](#F7){ref-type="fig"}, in the C2 segment, LD, WT and INT increased approximately .38, .04, and .14 mm, respectively, and MED decreased .05 mm, as the increase of the atherosclerosis score. These changes could reverse the intima thickness-to-media thickness ratio.

Our findings strongly support that the atherosclerotic change is primarily affected by age rather than other biological variables. However, a certain relationship between atherosclerosis and other biological variables except age cannot be completely excluded, since age-associated number of subject in the present study is not evenly distributed and numbers of younger and elderly subjects are relatively thin. And, furthermore, we did not consider other important risk factors such as lipid metabolism, smoking, blood glucose, coronary heart disease, and estrogen deficiency, since medical history and recent clinical data of the subjects were too small to statistically compare. These limit a compatible explanation of our results. However, population-based screening, proper treatment, monitoring and continuing education, especially in elderly women, were thought to be important for the prevention of progression of atherosclerosis.

The present study was supported in part by the Samsung Biomedical Research Institute (Grant No. B-A4-301), 2004-2005, Seoul, Korea.
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General data of subjects examined in the current study (mean±SD)
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BMI, body mass index; BSA, body surface area.
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Number of subjects which had atherosclerotic change
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Numbers in parentheses indicate the number of subject which shows fibroatheroma.
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Number of subjects and site of plaque and thrombus formation according to the number of atherosclerotic segments
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Parentheses indicate the segment that showed atherosclerotic changes.
